Conformational changes in the metal-binding sites of cardiac troponin C induced by calcium binding.
Isotope labeling of recombinant normal cardiac troponin C (cTnC3) with 15N-enriched amino acids and multidimensional NMR were used to assign the downfield-shifted amide protons of Gly residues at position 6 in Ca(2+)-binding loops II, III, and IV, as well as tightly hydrogen-bonded amides within the short antiparallel beta-sheets between pairs of Ca(2+)-binding loops. The amide protons of Gly70, Gly110, and Gly146 were found to be shifted significantly downfield from the remaining amide proton resonances in Ca(2+)-saturated cTnC3. No downfield-shifted Gly resonance was observed from the naturally inactive site I. Comparison of downfield-shifted amide protons in the Ca(2+)-saturated forms of cTnC3 and CBM-IIA, a mutant having Asp65 replaced by Ala, demonstrated that Gly70 is hydrogen bonded to the carboxylate side chain of Asp65. Thus, the hydrogen bond between Gly and Asp in positions 6 and 1, respectively, of the Ca(2+)-binding loop appears crucial for maintaining the integrity of the helix-loop-helix Ca(2+)-binding sites. In the apo- form of cTnC3, only Gly70 was found to be shifted significantly downfield with respect to the remaining amide proton resonances. Thus, even in the absence of Ca2+ at binding site II, the amide proton of Gly70 is strongly hydrogen bonded to the side-chain carboxylate of Asp65. The amide protons of Ile112 and Ile148 in the C-terminal domain and Ile36 in the N-terminal domain data-sheets exhibit chemical shifts consistent with hydrogen-bond formation between the pair of Ca(2+)-binding loops in each domain of Ca(2+)-saturated cTnC3.(ABSTRACT TRUNCATED AT 250 WORDS)